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Abstract

Climate change is of concern to the U.S. Department of Defense because
climate change-driven increases in the number of species Federally listed
under the U.S. Endangered Species Act (ESA) and stress to listed species
can lead to additional requirements and potential restrictions on training
land use. A first step in guiding management strategies to promote climate
change adaptation is to assess species’ vulnerabilities. However, vulnera-
bility assessments conducted at a single scale or for arbitrary regions offer
limited information to guide management decisions. This work developed
and demonstrated an approach for multiscale species vulnerability assess-
ments that integrates weighted estimates of range-wide and local vulnera-
bility, and vulnerability on Federal land, where species’ occurrence often
influences ESA listing decisions. The approach was applied to 16 plant and
animal species on five regionally representative Army installations. The as-
sessments were used to rank species based on their occurrence on multiple
installations across the Army and to rank the five study installations based
on aggregate species’ vulnerabilities. This approach is suitable for integrat-
ing climate change considerations into installation Integrated Natural Re-
source Management Plans, for evaluating whether climate change-driven
impacts to listed species will affect installation resilience, and for identify-
ing potential conservation partners among Federal land managers.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1.1

Introduction

Background

Federal land management agencies must manage numerous threatened,
endangered, and at-risk species, i.e., taxa assessed by NatureServe as criti-
cally imperiled (G1/T1) or imperiled (G2/T2) (NatureServe 2011), a chal-
lenge that will be exacerbated by climate change (Urban 2015). The magni-
tude of the added challenge posed by climate change to management will
not only be determined by species’ vulnerability within the portions of
their ranges encompassed by agencies’ properties, but also by those spe-
cies’ range-wide or regional vulnerability, because the prospects for spe-
cies’ recovery and the strategies available to achieve that recovery are a
combination of both local and range-wide factors.

For example, climate change-driven loss of habitat in a large portion of a
sensitive species’ range will likely constrain certain adaptation strategies
and demand others. To date, there is a trend among public land managers
to use single scale climate change vulnerability assessments. These assess-
ments focus primarily on single facilities, regions, or jurisdictional bound-
aries that individually may not have inherent biological meaning for spe-
cies conservation (e.g., Byers and Norris 2011), and that therefore offer
limited insight about what adaptation strategies might be most appropri-
ate. Informed, best-science, climate change adaptation planning that em-
braces interagency collaboration can only be achieved with information
about species’ vulnerability across multiple scales.

Climate change vulnerability is generally described as a function of sensi-
tivity, exposure, and adaptive capacity (Schneider et al. 2007, Williams et
al. 2008). Sensitivity to climate change is characterized by the degree to
which a species is affected by climate variables (e.g., drought, extreme
temperatures) and is primarily determined by intrinsic factors such as spe-
cies’ physiology, genetics, life history traits, and dependence on specific
habitats or other species. Exposure is characterized by the magnitude and
rate of climate change a species is expected to experience. Different re-
gions of the United States are projected to vary in their direct and indirect
exposure to climate change, such that large-ranged and migratory species
will likely be subject to variable climate change exposure. Adaptive capac-
ity refers to the ability of a species to persist where it currently occurs, or
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to migrate to suitable locations. Knowing the consequences of spatial vari-
ability in exposure and adaptive capacity on species’ climate change vul-
nerability can inform adaptation strategy. For example, even though a spe-
cific agency’s properties may be in a poor position to meaningfully
contribute to the long-term conservation of some species due to over-
whelming climate change exposure, they may still lead regional or range-
wide efforts for other species.

The U.S. Department of Defense (DoD) is the fifth largest land management
agency in the United States; it manages over 12 million hectares of land on
more than 425 military installations (Stein Scott, and Benton 2008). Alt-
hough this represents less than 5% of the land managed by the four larger
agencies combined, 23% of all U.S. Endangered Species Act (ESA) status
(endangered, threatened, candidate, or proposed species) and 15% of all at-
risk species under the stewardship of these five agencies occur on DoD
lands (Stein Scott, and Benton 2008). Additionally, more of these DoD ESA
status (270; ACSIM 2010) and at-risk species (220; NatureServe 2011) oc-
cur on Army lands than on all other DoD services combined. Given the re-
cent U.S. Fish and Wildlife Service (USFWS) lawsuit settlement requiring
review of 757 species proposed for listing under the ESA by 2018 (Endan-
gered Species Act Section 4 Deadline Litigation, case number 2165, U.S.
District Court for the District of Columbia), a substantive number (ca. 230)
of additional listed species are anticipated to occur on or near Army and
Army National Guard installations (Sperry, Wall, and Hohmann 2016). The
currently large and increasing Army conservation responsibility related to
Federally listed and at-risk species highlights the importance of proactively
conducting climate change vulnerability assessments. Assessments of spe-
cies’ vulnerability can help prioritize investment of limited conservation
funding and identify potential conservation partnership opportunities to ef-
fectively manage species in the face of climate change.

Executive Order (EO) 13514, Federal Leadership in Environmental, En-
ergy and Economic Performance (White House 2009) required Federal
agencies to address climate change risks and vulnerabilities in short- and
long-term planning. The DoD first acknowledged the potential impacts of
climate change on its facilities, infrastructure, military capabilities, and
training and testing activities within the 2010 Quadrennial Defense Re-
view (DoD 2010). Subsequently, the DoD issued Department of Defense
Instruction (DODI) 4715.03 (DoD 2011) pertaining to its Natural Re-
sources Conservation Program, which requires DoD installations to:
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(1) address climate change in their Integrated Natural Resources Manage-
ment Plans (INRMPs), (2) use the best available science to assess potential
climate change impacts, and (3) use adaptive strategies to address those
impacts. In 2013, this Instruction was followed by Department of Defense
Manual (DoDM) 4715.03, the Integrated Natural Resources Management
Plan Implementation Manual (DoD 2013), which outlined procedures for
preparing, reviewing, updating, and implementing INRMPs in accordance
with Department of Defense Instruction (DODI) 4715.03.

In response to EO 13514, DoD also developed a Climate Change Adapta-
tion Roadmap (CCAR) in 2012 (DoD 2012). The CCAR fulfilled a require-
ment to include an adaptation planning document as an appendix to the
Department’s annual Strategic Sustainability Performance Plan. The
CCAR established broad climate change adaptation goals to:

1. Develop a coordinating committee to address climate change, (2) use the
best available science to inform decisions

2. Integrate climate change information into existing processes

3. Encourage partnerships with other agencies (DoD 2012).

Given that impacts to DoD are expected to vary by region, assessing vul-
nerability to climate change is a large component of the CCAR framework.
The CCAR included a detailed table highlighting specific climate change
phenomena, potential impacts, and potential mission vulnerabilities.
Among the listed potential impacts are stress to protected species and an
increase in the number of species at risk.

In 2013, EO 13653, Preparing the United States for the Impacts of Cli-
mate Change (White House 2013), charged DoD and other Federal agen-
cies to:

complete an inventory and assessment of proposed and completed
changes to their land- and water-related policies, programs, and regula-
tions necessary to make the Nation’s watersheds, natural resources, and
ecosystems, and the communities and economies that depend on them,
more resilient in the face of a changing climate.

This executive order also charged DoD and other Federal agencies to “de-
velop and provide authoritative, easily accessible, usable, and timely data,
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1.2

information, and decision-support tools on climate preparedness and re-
silience.” EO 13653 also mandated regular updates to and implementation
of the agency adaptation plans required under EO 13514.

In 2014, DoD updated its CCAR in response to requirements set out in EO
13653 (DoD 2014a). In alignment with EO 13653, the updated CCAR es-
tablished three broad adaptation goals: (1) to identify and assess the effect
of climate change on the Department, (2) to integrate climate change con-
siderations across the Department and manage associated risks, (3) to col-
laborate with internal and external stakeholders on climate change chal-
lenges. Each of these goals was evaluated in relation to DoD’s plans and
operations, training and testing, built and natural infrastructure, and ac-
quisition and supply chain. Additionally, a summary of the potential im-
pacts to DoD’s mission was provided within Annex 2 of the 2014 CCAR.
Similar to the 2012 roadmap, the 2014 CCAR explicitly identified concerns
about climate change-related stress to currently listed threatened and en-
dangered species both on and adjacent to DoD installations. Increased
numbers of listed and at-risk species and associated management require-
ments and challenges were also identified as concerns.

Although these mandates and requirements for the DoD and the Army to
address climate change are in place, specific approaches that might be
adopted to address assessment, monitoring, and adaptation strategies are
still evolving (GAO 2009, 2014). Vulnerability assessments are an im-
portant first step in ensuring future conservation successes for listed and
at-risk species. Multiscale climate change assessments are critical given
the importance of range-wide and Federal lands vulnerabilities in inform-
ing installation-scale prioritization of management efforts, and in develop-
ing viable adaptation strategies. However, this information is not widely
available to installation, regional, or Headquarters decision makers. This
work attempts to fill that information gap by demonstrating an approach
to assess species’ multiscale climate change vulnerabilities.

Objectives

The objectives of this effort were to: (1) demonstrate an approach for as-
sessing species’ multiscale climate change vulnerabilities, (2) conduct mul-
tiscale climate change vulnerability assessments for species that have been
either Federally listed as threatened or endangered since 2012, or are cur-
rently under review for listing and known to occur on/or near five region-
ally distinct Army installations, and (3) use the estimated vulnerabilities to
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1.3

1.4

rank species based on their occurrence on multiple installations across the
Army and to rank the five study installations based on the aggregate vul-
nerabilities of species.

Approach

The objectives of this work were accomplished in five primary tasks:

1. Identification of the target species for each of the five installations

2. Assessment of the species’ range-wide climate change vulnerabilities

3. Assessment of the species’ local climate change vulnerabilities on Federal
lands including the five regional installations

4. Integration of local and range-wide vulnerabilities in a multiscale index

5. Comparison of the species’ climate change vulnerabilities across the differ-
ent scales and locations.

Scope

The climate change vulnerability assessments within this effort focused on
species that have been either Federally listed as threatened or endangered
since 2012, or are currently under review for listing and known to occur on
or near five regionally distinct Continental United States (CONUS) installa-
tions. Species already listed under the Endangered Species Act before the
2011 USFWS lawsuit settlement, DoDI 2011, and EO 2012 were determined
to likely already have been, or to already be in the process of being evaluated
for climate change vulnerabilities within installation Threatened and En-
dangered Species Management Plans and/or revisions of INRMPs. Assess-
ments were made using climate change projection data for the year 2050.
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Methods

The species examined in this effort include those identified in Sperry,
Wall, and Hohmann (2016), and exclude any that could not be confirmed
to occur on the five study installations by a review of INRMPs. This study
conducted a national level assessment of the risk to Army training by spe-
cies petitioned or under review for Federal listing as a result of a USFWS
2011 lawsuit settlement. Table 1 lists species’ scientific names, common
names, and taxonomic groups for the five regionally distinct installations.

Table 1. Species’ scientific names, common names and taxonomic groups for the five
regionally distinct installations.

Installation Species Common Name Taxonomic Group
Fort Bliss
Zapus hudsonius luteus New Mexican jumping mouse mammal
Coccyzus americanus Western yellow-billed cuckoo bird
occidentalis
Anthus spragueii Sprague’s pipet bird
Fort Bragg
Amorpha georgiana Georgia leadplant plant
Lindera subcoriacea bog spicebush plant
Isoetes hyemalis winter quillwort plant
Myotis septentrionalis northern long-eared bat mammal
Lobelia boykinii Boykin’s lobelia plant
Nuphar lutea sagittifolia Cape Fear spatterdock plant
Fort Drum
Myotis septentrionalis northern long-eared bat mammal
Joint Base Lewis-McCord
Rana pretiosa Oregon spotted frog amphibian
Thomomys mazama Olympia pocket gopher mammal
pugetensis
Thomomys mazama tumuli Tenino pocket gopher mammal
Thomomys mazama yelmensis | Yelm pocket gopher mammal
Thomomys mazama glacialis | Roy Prairie pocket gopher mammal
Eremophila alpestris strigata | streaked horned lark bird
Euphydryas editha taylori Edith’s checkerspot butterfly
Fort Riley
Myotis septentrionalis northern long-eared bat Mammal
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2.1

Climate change vulnerability assessments

Multiple approaches for estimating species’ and regional climate change
vulnerabilities have been proposed and adopted. Two good examples in-
clude the U.S. Environmental Protection Agency’s (USEPA'’s) National
Center for Environmental Assessment framework (USEPA 2009); and Na-
tureServe’s Climate Change Vulnerability Index (NS CCVI) (Young, Du-
bois, and Rowland 2014; Young et al. 2015; Bagne, Friggens, and Finch
2011). This effort used the NS CCVI version 3.0 to assess local and range-
wide vulnerabilities, and followed available guidelines except where noted
below. The NS CCVI index places species into one of five vulnerability cat-
egories (extremely vulnerable, highly vulnerable, moderately vulnerable,
less vulnerable, and insufficient evidence) for the specific geographical
area assessed, through 2050 (Young et al. 2015). It uses information on 23
factors to characterize species’ sensitivity, exposure, and capacity to adapt
to climate change. Examples of these factors include exposure to sea-level
change, phenological response to changing seasonal temperature or pre-
cipitation, and dispersal and movement capability. Table 2 lists and briefly
describes these factors. Young et al. (2015) provide additional details and
scoring guidelines for the factors.

The NS CCVI can be used to assess species’ relative vulnerability, to iden-
tify the most important factors affecting vulnerability, to identify conser-
vation priorities across specific areas (e.g., jurisdictional boundaries), and
to promote coordination and consistency in adaptation planning and man-
agement (Young et al. 2015). It has also been used previously to assess the
climate change vulnerability of species of concern on Army installations
(Sperry and Hayden 2011). However, application of the index is somewhat
constrained in regions outside the conterminous United States due to
availability of consistent climate data and certain design features. The tool,
which is programmed in a Microsoft® Excel® workbook, is freely available
for download at www.natureserve.org/cevi. Given the availability and thorough-
ness of the NS CCVI guidance documents, exhaustive details are avoided
here except where methodological deviations occur.

By applying the NS CCVI across species’ entire ranges and specifically to
the portions of their ranges represented by installations and other Federal
lands, and then by comparing values across species and locations, this ef-
fort sought to: (1) identify the relative threat that climate change likely
poses for the future conservation of different species, (2) assess the chal-


http://www.natureserve.org/ccvi

ERDC/CERL TR-17-21

lenges that climate change likely poses for installations’ ability to posi-
tively affect species’ conservation, and (3) identify the conservation part-
nering and adaptation strategies likely available.

Table 2. Factors assessed by the NatureServe Climate Change Vulnerability Index tool (Young
et al. 2015).

Aspect of Vulnerability*

Factor

Description

A. Direct Exposure

Al. Temperature Change

Predicted change in annual temperature by 2050,
calculated over the range of the species and for Federal
lands.

A2. Moisture Change

Predicted net change in moisture based on the Hamon
AET:PET Moisture Metric, calculated over the range of
the species and for Federal lands.

B. Indirect Exposure

B1. Sea-Level Rise

Predicted increase in sea level and consequent influence
of storm surges calculated over the range of the species
and for Federal lands there.

B2A. Natural Barriers

Topographic, geographical, and/or ecological features of
the landscape that may naturally restrict a species from
dispersing to new areas.

B2B. Anthropogenic Barriers

Anthropogenically altered landscapes (e.g., urban or
agricultural areas) that may hinder the dispersal of a
species.

B3. Land Use Changes from
Climate Change Mitigation

Strategies designed to mitigate greenhouse gases (e.g.,
large wind farms, biofuel production, solar arrays, carbon
offsets), or other threats.

C. Sensitivity and Adaptive
Capacity

C1. Dispersal/ Movement

Known or predicted dispersal or movement capability of
species and ability to shift location as conditions change
due to climate change. Limited dispersal or movement
capability is expected to increase vulnerability.

C2ai. Historical Thermal Niche

Mean seasonal temperature variation (difference
between the highest mean monthly maximum
temperature and lowest mean monthly minimum
temperature from 1951-2006) calculated over the range
of the species and Federal lands. Species exposed to low
seasonal temperature variation are expected to be more
vulnerable than species exposed to high seasonal
temperature variation.

C2aii. Physiological Thermal
Niche

Species’ predicted sensitivity due to specific
requirements for relatively cool temperature regimes.

C2bi. Historical Hydrological
Niche

Mean annual precipitation variation (difference between
the maximum and minimum from 1951-2006)
calculated over the range of the species and for Federal
lands.

C2bii. Physiological Hydrological
Niche

Species’ predicted sensitivity due to specific
requirements for narrow precipitation/hydrologic
regimes.

C2c. Disturbance

Species’ dependence on specific disturbance regimes
(e.g., fire or flooding likely to be impacted by climate
change). Dependence on specific disturbance regimes is
expected to increase vulnerability.

* Note that the numbering hierarchy in this table follows that used within the tool.
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Aspect of Vulnerability*

Factor

Description

C2d. Ice/Snow

Species’ dependence on habitats associated with ice, ice
edge, or snow cover. Dependence on these habitats is
expected to increase vulnerability.

C3. Rarity of Physical Habitat

Species’ dependence on uncommon geological features
or derivatives (e.g., specific substrates, soils, or physical
features such as caves, cliffs, or sand dunes).

C4a. Dependence on Other
Species for Habitat

Specificity of species’ dependence on habitat generated
by other species (e.g., burrows, cavities).

C4b. Diet Specialization

Specificity of species’ diets. Only applicable to animals.
Dietary specialists are more likely to be negatively
affected by climate change than species that consume
diverse food types (e.g., omnivores).

C4c. Pollinators Specialization

Specificity of species’ reliance on other species for
pollination. Only applicable to plants. Pollinator
specialists are more likely to be negatively affected by
climate change than species with multiple pollinators.

Capacity

Sensitivity and Adaptive

C4d. Dependence on Other
Species for Dispersal

Specificity of species’ reliance on other species for
propagule dispersal. Applicable to both plants and
animals. Dispersal specialists are more likely to be
negatively affected by climate change than are species
with many dispersal agents or species that are not reliant
on other species for dispersal (e.g., most animals).

C4e. Sensitivity to Pathogens or
Natural Enemies

Anticipated change in impact or abundance of pathogens
and natural enemies (e.g., predators, parasitoids, or
herbivores) due to climate change.

CA4f. Sensitivity to Competition
From Native or Non-native
Species

Anticipated change in impact or abundance of native or
non-native competitors due to climate change.

C4g. Dependence on Any Other
Species Interaction

Specificity of species’ reliance on other species for
interactions (e.g., mutualism, parasitism, commensalism,
or predator-prey relationship) not captured by the
preceding four factors.

Cba. Documented Genetic
Variation

Relative amount of genetic variation reported for species
compared to findings on related taxa using similar
techniques. Low genetic variation is presumed to be a
constraint on adaptation.

Cbb. Past Genetic Bottleneck

Used only if genetic variation is unknown. Evidence of a
past genetic bottleneck suggests some potential loss of
genetic variation and increased vulnerability.

C5c¢. Reproductive System

Proxy evaluated only for plants and when information
about species’ genetic variation and past genetic
bottlenecks is unavailable.

C6. Documented Phenological
Response

Relative change in phenologijcal variables (e.g., flowering
or migration times) in response to changes in climate. A
lack of change in phenological variables is presumed to
increase vulnerability. Species restricted to asexual
reproduction are expected to be more vulnerable than
species with either obligate outcrossing or mixed mating
(selfing and outcrossing) systems when no disruptions to
gene flow (e.g., range disjunctions) or outbreeding
depression are known.

Response

D. Documented or Modeled

D1. Documented Response to
Recent Climate Change

Degree to which a species is known to have responded
to climate change over the past 10 years or three
generations, whichever is longer.
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2.2

Aspect of Vulnerability* | Factor Description
D2. Modeled Future (2050) Predicted future change in species’ range size or
Change in Range or Population |abundance (expressed as a percentage) as a result of
Size climate change.

D3. Overlap of Modeled Future Percent of species’ current range represented by the

Range and Current Range intersection of predicted future (2050) and current
ranges.
D4. Occurrence of Protected Percent of species’ predicted future (2050) range

Areas in Modeled Future Range |represented by designated conservation areas that are
likely to provide conditions suitable for viable populations
of the species.

Calculating species’ climate change vulnerability at range-wide
and local scales

Species’ vulnerability to climate change was assessed both range-wide and
for all Federal land parcels residing within species’ ranges. Species’ ranges
were characterized via a process similar to that used by Sperry et al.
(2016), which relied on county-level occurrence data sourced from Nature-
Serve Explorer and the USFWS Environmental Conservation Online Sys-
tem (ECOS). Given the large ranges of several species assessed in this ef-
fort, all spatial data were projected to Alber’s Equal Area Conic. Spatial
data for Federal lands were sourced from the U.S. Geological Survey
(USGS) National Map.” This dataset includes lands owned or administered
by the Federal Government, including the Bureau of Land Management
(BLM), Bureau of Reclamation, Forest Service, DoD, USFWS, National
Park Service, Tennessee Valley Authority, and other agencies.

Geographic specificity in the NS CCVI is typically captured within factors
related to species’ direct and indirect exposure to climate change. Per
available tool guidelines, direct exposure to future climate change was
evaluated in terms of average temperature and moisture availability pro-
jected for the year 2050. Climate data used in the index were sourced from
the Climate Wizard™ and NatureServe (2015).* Data specific to the differ-
ent species’ ranges and relevant Federal lands were extracted from these
spatial layers using ArcGIS 10.2.2 (ESRI 2016).

Indirect exposure to climate change is assessed in the NS CCVI via three
factors: sea-level change, distribution relative to barriers, and predicted
impact of land use changes resulting from human response to climate

* http://nationalmap.gov/small_scale/mld/fedlanp.html

T www.climatewizard.org
+ www.natureserve.org/conservation-tools/climate-change-vulnerability-index



http://nationalmap.gov/small_scale/mld/fedlanp.html
http://www.climatewizard.org/
http://www.natureserve.org/conservation-tools/climate-change-vulnerability-index
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change (Table 2). This effort assessed geographic specificity in climate
change vulnerability only for the two former indirect exposure factors as
little information about planned human response to climate change is
broadly available.

2.2.1 Sea-level change

The impact of anticipated sea-level change on species’ vulnerability at
range-wide and local scales was assessed using coastal vulnerability index
data acquired from the USGS Coastal Change Hazard Portal.” The index
ranks the relative susceptibility of U.S. coasts to sea-level rise within four
categories (low, moderate, high, and very high) using information on geo-
morphology, regional coastal slope, tide range, wave height, relative sea-
level rise, and shoreline erosion and accretion rates (Thieler and Hammar-
Klose 2000). The four categories of the index were matched to the four as-
sessment categories of this NS CCVI factor by calculating the percentages
of the assessment areas represented by any of the three highest index cate-
gories (i.e., moderate, high, and very high) and by using those percentages
to evaluate exposure to sea-level rise as described in the NS CCVI guide-
lines (Young et al. 2015). A quantitative assessment of this map-based fac-
tor was performed within ArcGIS 10.2.2.

2.2.2 Anthropogenic barriers

Distribution relative to anthropogenic barriers was characterized by calcu-
lating the percent of the species’ ranges represented by developed (i.e., de-
veloped open space, developed low intensity, developed medium intensity,
and developed high intensity) pasture/hay and cultivated crop cover types
within the 2011 National Land Cover Dataset (Homer et al. 2015). This fac-
tor was also evaluated as a local or site-specific factor by calculating the
percentage of land represented by these same cover types within 50 km
buffers of Federal lands. These range-wide and local percentages were
matched to corresponding assessment categories in the vulnerability index
tool based on landscape ecology applications of percolation theory (Stauf-
fer 1985, O'Neill et al. 1988, With and Crist 1995) (Table 3).

* http://marine.usgs.gov/ coastalchangehazardsportal
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Table 3. Anthropogenic barriers categories and the binned percentages of species’
range-wide and local scale (i.e., 50 km buffers of Federal lands) assessment areas
represented by developed, pasture/hay and cultivated crop cover types within the

2011 National Land Cover Dataset that were used to characterize them.

Percentage of Species’ Ranges
Assessment Categories and Federal Lands Buffers
Greatly Increase Vulnerability >50%
Increase Vulnerability 30-50%
Somewhat Increase Vulnerability 10-30%
Neutral <10%

Arguably, other factors related to species’ sensitivity and adaptive capacity
could also be evaluated spatially in the NS CCVI if information were avail-
able, including factors related to spatial variation in population genetic
variation, competition from native or non-native species, and predicted
sensitivity to temperature and moisture changes (Table 2). In this effort,
spatially explicit information for most of these factors was unavailable, but
species’ predicted sensitivity to temperature and moisture changes were
evaluated spatially. Specifically, the process for calculating the factors as-
sociated with historical thermal and hydrological niches (i.e., exposure to
past variations in temperature and moisture) was slightly altered from the
NS CCVI guidelines for use at the local scale of Federal land parcels.

2.2.3 Historical thermal and hydrological niche

The NS CCVI guidelines for the factors associated with historical thermal and
hydrological niche suggest that average annual historic precipitation should be
evaluated over a broad-scale, i.e., the entire range of species. However, many
rare and at-risk species have very small ranges, which might lead one to iden-
tify little exposure to historical climate variation and thereby assume that the
species have a higher vulnerability than would more wide-ranging species. Yet
there is growing evidence that many endemic species with small ranges have
persisted over long periods through extreme changes in climate within refugia
(e.g., Wall et al. 2010, Jansson 2003). Moreover, there is some disagreement
about whether broad-ranging species are inherently more robust to climate
change than species with small ranges since local adaptation and gene flow can
have important counter intuitive effects on range dynamics (Atkins and Travis
2010, Schiffers et al. 2012). Therefore, to make this factor more geographically
specific and relevant in this multiscale assessment, estimates of historical ther-
mal and precipitation variation were calculated not only across species’ ranges,
but also locally for Federal lands. Range-wide estimates for these two factors
followed the NS CCVI guidelines (see Young et al. 2015, Appendix 3), but the
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2.3

process for local estimates differed. Local estimates of species’ exposure to his-
torical thermal variation for specific Federal lands were sourced from the Cli-
mate Wizard historic temperature variation map, but the criterion related to
>10% of a species’ range was necessarily omitted. Similarly, local estimates of
the species’ exposure to historical precipitation variation were sourced from
the available historic precipitation map, but individual site-specific estimates
were calculated as the difference between the range-wide maximum historical
precipitation and the local mean historical precipitation.

The remaining aspatial NS CCVI factors, which are primarily associated
with species’ sensitivity and adaptive capacity, were synthesized from
peer-reviewed journal articles, agency generated reports, and summaries
of species’ life histories and ecological traits available within NatureServe
Explorer and ESA listing documents available from USFWS ECOS. Appen-
dices A and B, respectively, include the sources of information and the val-
ues used for each factor and species.

Assessing species’ climate change vulnerabilities across
Federal lands and agencies

The occurrence of species’ populations on Federal lands, which in principle of-
fer the highest degree of protections, is considered during ESA listing deci-
sions. Given the threats of climate change, the long-term suitability of these
Federal land holdings for species conservation is also increasingly being evalu-
ated during listings. Therefore, an evaluation of species’ climate change vulner-
abilities across Federal lands within the species ranges was conducted. Two dif-
ferent approaches were adopted. First, simple graphical summaries were
generated to depict the areas within different NS CCVI categories under man-
agement by the various Federal land management agencies for each species.
These areas were calculated from the species’ vulnerabilities estimated for all of
the Federal land parcels (see Section 2.2 above). Second, the contribution that
Federal lands are potentially able to make to each species’ range-wide conser-
vation in the face of climate change was evaluated. For example, different spe-
cies’ have variable amounts of Federal lands within their ranges due not only to
differences in overall range size, but also to spatial variation in the location of
Federal lands and species’ ranges across the United States. Moreover, species’
climate change vulnerabilities on Federal lands across their ranges are likely
variable due to spatial variation in the magnitude of climate change projected
across the country, and to local or regional influences on species’ exposure and
adaptive capacity (e.g., sea-level rise, anthropogenic barriers). These two im-
portant aspects were evaluated by identifying the total area of Federal lands
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2.4

across each species’ range, and by using a derived index characterizing species’
climate change vulnerabilities for each of the Federal lands within their range.
The index was calculated as the sum of the vulnerability adjusted percent area
represented by Federal land parcels within a species range, where the site-spe-
cific NS CCVI vulnerability estimates were incorporated as a multiplier. Table
4 lists the multipliers applied for the five different vulnerability categories.
These multipliers can be thought of as characterizing the relative reduction in
the suitability or carrying capacity of Federal lands for a given species due to
climate change. For example, two species might have the same range-wide cli-
mate change vulnerability, but might also have very different vulnerabilities for
the Federal lands within their ranges. Arguably, species with higher vulnerabil-
ities on Federal lands warrant greater conservation concern and action to sup-
port climate change adaptation. To have the index vary positively with vulnera-
bility (e.g., high index value with high vulnerability on Federal lands within a
species’ range), the sum of the vulnerability adjusted percent area of Federal
lands within a species’ range was subtracted from 100. This resulted in index
values that potentially range from 100 to O (zero).

Table 4. Multipliers used to characterize the relative reduction in the suitability or carrying

capacity of Federal lands occurring within species’ ranges due to climate change vulnerability.

The percent area of each Federal land parcel within species’ ranges was subjected to the
multiplier associated with the NatureServe Climate Change Vulnerability Categories.

NatureServe Climate Change Vulnerability Categories | Multiplier
Extremely vulnerable (EV) 0.0
Highly vulnerable (HV) 0.33
Moderately vulnerable (MV) 0.66
Less vulnerable (LV) 1.0
Insufficient evidence (IE) Not Applicable

A multiscale index of species vulnerability

A multiscale index of species’ climate change vulnerability was generated
by combining the species’ climate change vulnerabilities estimated at the
different scales. This was accomplished by coding the categorical outputs
of the NS CCVI tool at both range-wide and local scales, and then combin-
ing these values with the index of vulnerability on Federal lands (see Sec-
tion 2.2 above). Specifically, the NS CCVI outputs were coded as:

e extremely vulnerable = 1

e highly vulnerable = 0.75
e moderately vulnerable = 0.5
e lessvulnerable = 0.25.
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Although the NS CCVI outputs are a categorical data type, they are argua-
bly also inherently ordinal. The choice to go one step further and apply in-
terval data values facilitates greater mathematical manipulation, and fol-
lows the strategy taken by other users of the NS CCVI tool (e.g., Reese and
Noss 2014, Tuberville et al. 2015). Then the values of the index of vulnera-
bility on Federal lands were standardized to also range from O (zero) to 1
by dividing each by the maximum (i.e., 63.5 for R. pretiosa). Weights were
then applied to the vulnerabilities at these three scales to reflect their hier-
archical importance for determining species’ multiscale vulnerability
(range-wide = 3, Federal lands = 2, installation = 1). The products of the
vulnerability values and weights at each scale were then multiplied to gen-
erate a multiscale vulnerability index. For example, R. pretiosa, which was
found to be highly vulnerable range-wide and on Joint Base Lewis-
McCord, had a multiscale climate change vulnerability value of:

3.37 = ((0.75*3)*((63.5/63.5)*2)*(0.75*1))

Assessing species climate change vulnerabilities across
the Army

Identifying the species’ climate change vulnerabilities that are likely to
most impact the Army across multiple installations is also of interest. Such
information can be used in decision making and in programmatic plan-
ning and coordination with regulators or partner agencies. Since species’
climate change vulnerabilities for all Federal land parcels were estimated
(see Section 2.2), the vulnerabilities specifically associated with Army fa-
cilities could be used to generate a summary metric for comparisons be-
tween species. An approach similar to that described above for assessing
species’ multiscale vulnerability was employed. Specifically, the local scale
vulnerabilities were summed for all Army installations within the species’
ranges. This sum was then multiplied by the weighted range-wide vulnera-
bility and the weighted standardized values of the index of vulnerability on
Federal lands, as above. For example, the local climate change vulnerabil-
ity of Myotis septentrionalis was calculated as moderately vulnerable on
nine installations and less vulnerable on 21 installations. When combined
with the weighted range-wide and Federal lands vulnerabilities, the esti-
mated Army-wide vulnerability for M. septentrionalis is:

0.93=[(3*0.25)* (2*0.06) * (1 * (9 * 0.5) + (21 * 0.25))]
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Ranking installations based on emerging climate change
vulnerabilities

The Army is also interested in identifying the impact of future climate
change on installations to generate information about long-term sustaina-
bility that can be used to make diverse decisions such as training mission
assignments and base realignment and closure. Increased conservation re-
sponsibilities related to Federally listed species is one potential impact of
climate change on installations. Wilhoit et al. (2016) proposed a simple
method of ranking installations based on potential impacts of climate
change-related listed and at-risk species management on training land
use. However, their approach did not include any specific information
about species’ climate change vulnerabilities, but instead used the number
of species on installations, the conservation status of these species (i.e.,
Federally listed, proposed for listing, and at-risk), listing probabilities of
different taxonomic groups, and installation area. Effectively, their rank-
ing metric calculated a status and probability of a listing adjusted estimate
of at-risk and listed species density.

This effort adopted a different, but potentially complementary, approach
to characterize the anticipated relative increase in climate change-related
conservation responsibilities among installations. The values calculated
for species’ multiscale vulnerabilities described above (Section 2.4) were
summed for each of the five case study installations. For example, the mul-
tiscale vulnerabilities of A. spragueii, C. americanus occidentalis and

Z. hudsonius luteus on Fort Bliss were 0.00, 0.28, and 1.11, respectively.
When summed, the aggregate vulnerability of species on the installation
equaled 1.39. Since only the 16 target species that have been recently listed
or that are under review for listing were included in the calculations (and
not all of the listed species currently found on the various installations),
the aggregate species vulnerabilities on the installations summarized here
can be interpreted as an assessment of the emerging increase in climate
change-related conservation responsibilities.
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3.1

Results and Discussion

Species’ range-wide climate change vulnerabilities

There were modest differences in range-wide climate change vulnerability
among the 16 species examined in this effort: only one species was classi-
fied as highly vulnerable (HV), seven were classified as moderately vulner-
able (MV), and eight were classified as less vulnerable (LV) (Table 5). For
all installations having more than one species, range-wide vulnerabilities
of the represented species varied. For example, range-wide vulnerabilities
of the seven species on Joint Base Lewis-McCord ranged from highly vul-
nerable to less vulnerable. This suggests that species’ climate change vul-
nerabilities, even at the range-wide scale, are likely a useful criterion for
prioritizing conservation efforts.

The index of species’ vulnerabilities on Federal lands varied from a high of
63.4 for the Oregon spotted frog (Rana pretiosa) to a low of 0.30 for the
Midwestern temperate avian migrant Anthus spragueii (Table 5). The area
of Federal lands occurring within the ranges of the study species exhibited
large differences; the southeastern woody shrub Amorpha georgiana was
found to have the smallest amount of Federal lands within its range (653
kmz2) while A. spragueii had the largest (705,817 km?2) (Table 5). These dif-
ferences were not unanticipated given the variation in the size of species’
ranges. The Federal lands area within species’ ranges and the index of vul-
nerabilities on Federal lands were not correlated (Pearson’s ragj = 0.139),
suggesting that the latter provides additional information useful for priori-
tizing conservation species. When all three range-wide variables were used
sequentially to rank the various species (i.e., range-wide vulnerability first,
index of vulnerability on Federal lands second, Federal lands area within
species ranges third), it was found that:

1. R.pretiosa retained its rank of highest vulnerability.

2. Among moderately vulnerable species, the southeastern woody shrub Lin-
dera subcoriacea exhibited the greatest overall climate change vulnerabil-
ity and the fossorial rodent Thomomys mazama glacialis exhibited the
lowest vulnerability.

3. Among the seven less vulnerable species, the southeastern herbaceous
aquatic plant Nuphar lutea sagittifolia exhibited the greatest overall cli-
mate change vulnerability and A. spragueii the lowest (Table 5).
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3.2

This simple approach to identifying species’ relative range-wide climate
change variability is appealing in that it transparently retains the information
about the three variables used in ranking. However, where a large number of
species is being considered, it could become cumbersome and it might be
beneficial to use an approach that generates a single metric (Section 2.4).

Table 5. Ranked list of species’ range-wide climate change variability, based on sequential
evaluation of index of vulnerability on Federal lands, and Federal lands area within species’

ranges.
Range-wide climate | Index of vulnerability | Federal lands area (km?2)
Species change vulnerability on Federal lands within species' range
Rana pretiosa HV 63.5 227173.8
Lindera subcoriacea MV 50.0 9158.4
Zapus hudsonius luteus MV 47.0 117437.6
Amorpha georgiana MV 34.0 652.6
Thomomys mazama pugetensis MV 34.0 999.3
Thomomys mazama tumuli MV 34.0 999.3
Thomomys mazama yelmensis MV 34.0 999.3
Thomomys mazama glacialis MV 34.0 3783.1
Nuphar lutea sagittifolia Lv 31.7 1804.4
Lobelia boykinii Lv 25.4 10105.3
Coccyzus americanus occidentalis LV 23.7 557279.8
Euphydryas editha taylori Lv 13.9 12295.6
Eremophila alpestris strigata Lv 4.6 38063.2
Myotis septentrionalis LV 4.0 224643.1
Isoetes hyemalis Lv 34 2374.7
Anthus spragueii Lv 0.3 705816.8

Species’ climate change vulnerabilities across Federal
agency lands

The local climate change vulnerabilities of the target species on Federal
lands across their ranges exhibited striking differences in terms of the
agencies represented, the areas managed by different agencies, and the
vulnerability categories represented (Figures 1 to 15). The number of non-
DoD Federal land management agencies that could serve as potential part-
ners for the different species ranged from nine to one. As might be expected,
species that have the largest numbers of non-DoD Federal land managers
included those with the largest geographical ranges (e.g., Myotis septen-
trionalis with nine and Anthus spragueii with eight agencies). Similarly,
species having the smallest numbers of non-DoD Federal land management
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agencies included those with the smallest geographical ranges (e.g., A. geor-
giana, T. mazama pugentensis, T. mazama tumuli, and T. mazama yel-
mensis were only represented on lands of one other agency)

The percent of the Federal land area within species’ ranges under DoD
management also exhibited a large amount of variation for the suite of
study species (range = 1-94%) (Figures 1 to 15). The species having the low-
est percent of Federal lands within its range under DoD management were
E. alpestris strigata and R. pretiosa, at 1 and 2%, respectively. The species
with the largest percent of Federal lands under DoD management was

A. georgiana (94%), but T. mazama pugentensis, T. mazama tumuli, and
T. mazama yelmensis were also notably high at 64%. Correspondingly,
there is more land under DoD management within the ranges of these spe-
cies than any other Federal agency. This is also true for the southeastern
wetland obligate plants Isoetes hyemalis and Lobelia boykinii, making DoD
the leading Federal management agency for roughly one-third of the 16
study species. In comparison, the BLM leads for three and the Forest Ser-
vice leads for seven species.

Spatial variation in vulnerabilities among Federal lands parcels were ob-
served for all but two species (A. georgiana and T. mazama subspecies),
which have small geographic ranges. Species’ climate change vulnerabili-
ties on DoD relative to other Federal agency lands also varied to differing
degrees among species (Figures 1 to 15). For the six species having DoD as
the primary Federal land manager across their range, vulnerabilities on
DoD lands were higher for one species, lower for one species, and compa-
rable for the four other species than on lands of the next largest agency.
For the 10 species for which DoD is not the primary Federal land manager
across their range, climate change vulnerabilities on DoD lands relative to
the larger agency were higher for four species, lower for three species, and
comparable for the other three species.
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Figure 1. Federal land area (km2) within the range of Amorpha georgiana
(Georgia leadplant) by agency and vulnerability categories.
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Figure 2. Federal land area (km?2) within the range of Anthus spragueii
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(Sprague’s pipet) by agency and vulnerability categories.
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Figure 3. Federal land area (km?2) within the range of Coccyzus americanus
occidentalis (Western yellow-billed cuckoo) by agency and vulnerability
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categories.
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Vulnerability categories are less vulnerable (LV), moderately vulnerable (MV), highly vulnerable (HV) and ex-
tremely vulnerable (EV). Federal land management agencies include: Agricultural Research Service (ARS), Bu-
reau of Land Management (BLM), Bureau of Reclamation (BOR), Department of Defense (DoD), Department of
Energy (DOE), Forest Service (FS), Fish and Wildlife Service (FWS), National Aeronautics and Space Admin-

istration (NASA), National Park

Federal Agency

Service (NPS), and Tennessee Valley Authority (TVA).
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Figure 4. Federal land area (km2) within the range of Eremophila alpestris
strigata (streaked horned lark) by agency and vulnerability categories.
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Figure 5. Federal land area (km2) within the range of Euphydryas editha
taylori (Taylor’'s checkerspot) by agency and vulnerability categories.
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Figure 6. Federal land area (km2) within the range of Isoetes
hyemalis (winter quillwort) by agency and vulnerability categories.
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Vulnerability categories are less vulnerable (LV), moderately vulnerable (MV), highly vulnerable (HV) and ex-
tremely vulnerable (EV). Federal land management agencies include: Agricultural Research Service (ARS), Bu-
reau of Land Management (BLM), Bureau of Reclamation (BOR), Department of Defense (DoD), Department of
Energy (DOE), Forest Service (FS), Fish and Wildlife Service (FWS), National Aeronautics and Space Admin-

Federal Agency

istration (NASA), National Park Service (NPS), and Tennessee Valley Authority (TVA).
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Figure 7. Federal land area (km2) within the range of Lindera subcoriacea

(bog spicebush) by agency and vulnerability categories.
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Figure 8. Federal land area (km?2) within the range of Lobelia
boykinii (Boykin's lobelia) by agency and vulnerability categories.
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Figure 9. Federal land area (km?2) within the range of Nuphar lutea
sagittifolia (Cape Fear spatterdock) by agency and vulnerability categories.

Federal Agency

2000

1600

1200

800

Area (km?)

400

Nuphar lutea

v

MV

HV
WEV

AR5 BLM BOR DOD DOE FS5 FWS NASA NP5 TVA

Vulnerability categories are less vulnerable (LV), moderately vulnerable (MV), highly vulnerable (HV) and ex-
tremely vulnerable (EV). Federal land management agencies include: Agricultural Research Service (ARS), Bu-
reau of Land Management (BLM), Bureau of Reclamation (BOR), Department of Defense (DoD), Department of
Energy (DOE), Forest Service (FS), Fish and Wildlife Service (FWS), National Aeronautics and Space Admin-

Federal Agency

istration (NASA), National Park Service (NPS), and Tennessee Valley Authority (TVA).
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Figure 10. Federal land area (km2) within the range of Myotis septentrionalis
(northern long-eared bat) by agency and vulnerability categories.
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Figure 11. Federal land area (km2) within the range of Rana pretiosa (Oregon

Federal Agency

spotted frog) by agency and vulnerability categories.
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Figure 12. Federal land area (km?2) within the range of Thomomys mazama
glacialis (Roy Prairie pocket gopher) by agency and vulnerability categories.
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Vulnerability categories are less vulnerable (LV), moderately vulnerable (MV), highly vulnerable (HV) and ex-
tremely vulnerable (EV). Federal land management agencies include: Agricultural Research Service (ARS), Bu-
reau of Land Management (BLM), Bureau of Reclamation (BOR), Department of Defense (DoD), Department of
Energy (DOE), Forest Service (FS), Fish and Wildlife Service (FWS), National Aeronautics and Space Admin-

Federal Agency

istration (NASA), National Park Service (NPS), and Tennessee Valley Authority (TVA).
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Figure 13. Federal land area (km?2) within the range of Thomomys mazama
pugetensis (Olympia pocket gopher) by agency and vulnerability categories.
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Figure 14. Federal land area (km?2) within the range of Thomomys mazama
tumuli (Tenino pocket gopher) by agency and vulnerability categories.
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Figure 15. Federal land area (km2) within the range of Zapus hudsonius
luteus (New Mexican jumping mouse) by agency and vulnerability categories.
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Vulnerability categories are less vulnerable (LV), moderately vulnerable (MV), highly vulnerable (HV) and ex-
tremely vulnerable (EV). Federal land management agencies include: Agricultural Research Service (ARS), Bu-
reau of Land Management (BLM), Bureau of Reclamation (BOR), Department of Defense (DoD), Department of
Energy (DOE), Forest Service (FS), Fish and Wildlife Service (FWS), National Aeronautics and Space Admin-
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istration (NASA), National Park Service (NPS), and Tennessee Valley Authority (TVA).
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3.3

Species’ climate change vulnerabilities on installations

For the species and installations evaluated here, there was agreement be-
tween the range-wide and installation-scale climate change vulnerabilities
for all species except the neotropical avian migrant Coccyzus americanus
occidentalis, which was found to have a higher installation-specific vulner-
ability (MV) than range-wide vulnerability (LV) (Tables 5 and 6). Although
there are no comparable cases for the species examined here, one can im-
agine how differences in vulnerabilities at local and range-wide scales
could inform management decisions. For example, a species having ex-
tremely high vulnerability on an installation, but only moderately vulnera-
ble range-wide and across Federal lands might be a poor candidate for
conservation investment compared to a species with moderate local vul-
nerability, but extremely high vulnerability range-wide and across Federal
lands. For the former case, DoD investment will likely have little overall
influence on the species’ success in response to climate change, whereas in
the latter scenario DoD investment may greatly affect the species’ conser-
vation and probability of listing.

The general consistency observed between local and range-wide vulnera-
bilities is likely a consequence of some species’ small range sizes, little var-
iability in vulnerability across species’ ranges, or the locations of the study
installations. In contrast, Tuberville et al. (2015) found that only 42% of
range-wide and regional climate change vulnerability estimates were con-
sistent in an assessment of southeastern amphibian and reptile species.
That being said, only a relatively small percentage of their species’ ranges
overlapped with the regional assessment area (mean = 2.27%).

Table 6. Ranking of species on installations by local
(installation-specific) climate change vulnerabilities.

Installation Species Local Climate Change Vulnerability
Fort Bliss

Zapus hudsonius luteus MV

Coccyzus americanus occidentalis MV

Anthus spragueii Lv
Fort Bragg

Amorpha georgiana MV

Lindera subcoriacea MV

Isoetes hyemalis LV

Myotis septentrionalis Lv

Lobelia boykinii LV

Nuphar lutea sagittifolia Lv
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3.4

Installation Species Local Climate Change Vulnerability
Fort Drum
Myotis septentrionalis Lv
Joint Base Lewis-McCord
Rana pretiosa HV
Thomomys mazama pugetensis MV
Thomomys mazama tumuli MV
Thomomys mazama yelmensis MV
Thomomys mazama glacialis MV
Eremophila alpestris strigata Lv
Euphydryas editha taylori LV
Fort Riley
Myotis septentrionalis Lv

Multiscale index of species’ climate change vulnerabilities

Species’ multiscale climate change vulnerabilities ranged from 3.37 for

R. pretiosa to 0.00 for A. spragueii. Values were roughly clustered into
three groups that corresponded to the three categories assigned to the spe-
cies’ range-wide vulnerabilities. Moreover, the order of the species’ rank-
ings was largely consistent with that found for range-wide vulnerabilities
(Table 5), except for C. americanus occidentalis, which replaced N. lutea
sagittifolia in the ninth highest rank.

Although estimating species’ climate change vulnerabilities at different
scales (Section 2.2) can provide unique insights about the need and appro-
priateness of different levels of conservation investment for diverse spe-
cies, interpreting the relative importance of differences in values among
vulnerabilities estimated at several scales becomes challenging when many
species are being considered. The approach to estimating an integrated
multiscale vulnerability index that was demonstrated here offers a useful
solution. Note that, although the weighting scheme applied in this effort
assumed that the importance of species’ local scale vulnerabilities (Table
7) is secondary to vulnerabilities at larger scales, the approach is flexible,
and accommodates different weighting schemes as needed.

Table 7. Ranking of species on installations by local
(installation-specific) climate change vulnerabilities.

Species Multiscale Climate Change Vulnerability
Rana pretiosa 3.37
Lindera subcoriacea 1.18
Zapus hudsonius luteus 1.11
Amorpha georgiana 0.80
Thomomys mazama glacialis 0.80
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Species Multiscale Climate Change Vulnerability
Thomomys mazama pugetensis 0.80
Thomomys mazama tumuli 0.80
Thomomys mazama yelmensis 0.80
Coccyzus americanus occidentalis 0.28
Nuphar lutea sagittifolia 0.19
Lobelia boykinii 0.15
Euphydryas editha taylori 0.08
Eremophila alpestris strigata 0.03
Myotis septentrionalis 0.02
Isoetes hyemalis 0.02
Anthus spragueii 0.00

Army-wide exposure to potential impacts of species’ climate
change vulnerabilities

When species were evaluated for their cumulative climate change vulnera-
bilities across the Army, the rankings of species changed considerably
from vulnerabilities estimated with a range-wide focus (Table 5) changed
considerably when they were estimated with a multiscale single installa-
tion focus (Table 7). Although R. pretiosa and A. spragueii still exhibited
the maximum (3.37) and minimum (0.05) values, respectively, the ranks
of the other 14 species changed. Notably, C. americanus occidentalis rose
5 to 7 positions in the ranking.

Considering the estimated values of species’ climate change vulnerabilities
Army-wide, not just their relative rankings, the perceived degree of vulner-
ability exhibited by R. pretiosa was reduced while Z. hudsonius luteus and
L. subcoriacea retained comparably high values (i.e., ~3). This is a conse-
guence of the latter two species’ occurrence on multiple installations.

Sperry, Wall, and Hohmann (2016) also conducted Army-wide assess-
ments of species proposed for ESA listing, except that they focused exclu-
sively on potential impact to Army training. Since their approach did not
consider the consequences of climate change on potential future impacts,
it is interesting to examine the potential additional effect of climate change
vulnerability identified by this approach. Five of the species included in
this effort were among the top 20 species they determined most likely to
impact Army training (i.e., A. spragueii, L. boykinii, L. subcoriacea,

A. georgiana, and M. septentrionalis; ordered from greater to lesser im-
pact). Considering their ranking of species relative to that shown in Tables



ERDC/CERL TR-17-21 28

3.6

8 and 5, one can see that the climate change vulnerability of L. subcoria-
cea, and to a lesser extent A. georgiana, have the potential to increase
their impacts on Army training beyond that suggested by Sperry, Wall, and
Hohmann (2016). It may also offer some reassurance to Army managers to
know that climate change vulnerability is not likely to exacerbate the im-
pacts of A. spragueii, L. boykinii, or M. septentrionalis on the Army.

Table 8. Ranked list of species based on climate
change vulnerabilities across Army.

Army-wide Climate
Species Change Vulnerability
Rana pretiosa 3.37
Zapus hudsonius luteus 3.33
Lindera subcoriacea 2.95
Coccyzus americanus occidentalis 2.28
Amorpha georgiana 1.61
Thomomys mazama glacialis 1.61
Thomomys mazama pugetensis 1.61
Thomomys mazama tumuli 1.61
Thomomys mazama yelmensis 161
Myotis septentrionalis 0.93
Lobelia boykinii 0.75
Nuphar lutea sagittifolia 0.56
Euphydryas editha taylori 0.25
Eremophila alpestris strigata 0.11
Isoetes hyemalis 0.08
Anthus spragueii 0.05

Installation exposure to potential impacts of multiple species’
climate change vulnerabilities

The aggregate index of installations’ potential exposure to emerging con-
servation challenges associated with species’ climate change vulnerabilities
varied from 6.69 to 0.02 for Joint Base Lewis-McCord and Forts Drum
and Riley, respectively (Table 9). Both Fort Drum and Riley had only a sin-
gle species represented, M. septentrionalis, whereas Joint Base Lewis-
McChord (JBLM) had the most at seven. The ranking of installations and
their relative values is potentially useful for planning additional funding
needs beyond those that might already be identified for installations based
on historically listed species.
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These results suggest regional differences in climate vulnerabilities, as far
as they may be ascertained by the representative species and installations
included here. The Northeast appears to be most vulnerable, followed by
the Southeast and the Southwest, while the Midwest and Northeast share
comparably low vulnerabilities.

Interestingly, the assessment conducted by Wilhoit et al. (2016) ranked
the five common installations in an order similar to that in Table 9, except
that Fort Riley was third highest instead of Fort Bliss. Their assessment in-
cluded a broader set of species (i.e., all listed and at-risk species) than that
evaluated in this work. It is unknown whether findings would be compara-
ble for a larger number of installations.

Table 9. Ranked list of study installations based on aggregate
index of species’ climate change vulnerabilities.

Aggregate Index of Species’
Installation Climate Change Vulnerabilities
Joint Base Lewis-McCord 6.69
Fort Bragg 2.37
Fort Bliss 1.39
Fort Drum 0.02
Fort Riley 0.02
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4.1

4.2

Conclusion and Recommendations

Conclusion

This work demonstrated a method for generating multiscale climate
change vulnerability assessments for species and installations. The ap-
proach satisfies DoD’s need for consistent assessment methods that can be
conducted with broadly available data and that allow meaningful compari-
sons. This demonstrated approach to multiscale vulnerability assessment
is suitable for integrating climate change considerations into installation
Integrated Natural Resource Management Plans, for evaluating whether
climate changed driven impacts to listed species will likely affect installa-
tion resilience, and for strategically identifying potential conservation
partners among Federal land managers.

Recommendations

Importantly, the approach to multiscale species’ vulnerability assessments
demonstrated here also complements recent Army-wide and installation
focused evaluations of species’ potential impacts on training (Sperry, Wall,
and Hohmann 2016). However, it is recommended that the scope of appli-
cation first be extended to all species and installations across the Army be-
fore climate change vulnerabilities can be integrated with these other as-
sessments.

Key among the findings of this effort was the role that DoD (relative to the
roles of other Federal land management agencies) may be expected to con-
tribute to species’ conservation in the face of climate change. DoD was the
leading Federal management agency for roughly one-third of the 16 study
species. Where species’ vulnerabilities are lower on lands managed by
other agencies, it is recommended that the Army seek partnerships that
can generate conservation success greater than that to be gained by relying
solely on within-the-fenceline approaches.
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Appendix A: Assessment Sources

Table A-1 lists sources of information used to inform factors in species’ vul-
nerability assessments.

Table A-1. Sources of information used to inform factors in species’ vulnerability assessments.

Taxonomic
Installation Scientific Name | Group Assessment Sources and Notes
Fort Bliss
Anthus spragueii Bird Ludlow et al. 2015, Davis 2005, Lueders et al. 2006,
Jones 2010, Davis et al. 2013, Rodgers 2013, Kalyn
Bogard and Davis 2014, Muller 2015, NatureServe 2015,
Coccyzus Bird Wallace et al. 2013, Farrell 2013, NatureServe 2015
americanus
occidentalis
Zapus hudsonius Mammal Malaney et al 2012, Frey and Malaney 2009, Wright and
luteus Frey 2014, 2015, Frey 2015, NatureServe 2015
Fort Bragg
Amorpha Vascular plant Straub and Doyle 2009, NatureServe 2015
georgiana
Lindera Vascular plant Dupont and Kato 1999, Wall et al. 2013, NatureServe
subcoriacea 2015
Lobelia boykinii Vascular plant Royo et al. 2008, NatureServe 2015
Isoetes hyemalis Vascular plant Brunton et al. 1994, Caplen and Werth 2000, NatureServe
2015
Nuphar lutea Vascular plant NatureServe 2015
sagittifolia
Myotis Mammal Frick et al. 2010, 2012, Hein 2012, Jones and Rebelo
septentrionalis 2013, Loeb and Winters 2013, Luo et al. 2014,
NatureServe 2015, Pauli et al. 2015
Fort Drum
Myotis Mammal Frick et al. 2010, 2012, Hein 2012, Jones and Rebelo
septentrionalis 2013, Loeb and Winters 2013, Luo et al. 2014,
NatureServe 2015, Pauli et al. 2015
Fort Lewis
Eremophila Bird Pearson and Altman 2005, Anderson and Pearson 2015,
alpestris strigata NatureServe 2015
Euphydryas editha Insect Ehrlich et al. 1980, Weiss and Weiss 1998, McLaughlin et
taylori al. 2002, Singer et al. 2008, Diamond et al. 2011,
Radchuk et al. 2013, Bennett et al. 2014, Kharouba et al.
2014, Caldas 2014, NatureServe 2015
Rana pretiosa Amphibian Funk et al. 2008, Blaustein et al. 2010, Blouin et al. 2010,
Bowerman and Pearl 2010, Conlon et al. 2011, McCaffery
and Maxell 2010, Phillipsen et al. 2011, Li et al. 2013,
Ryan et al. 2014, NatureServe 2015
Thomomys Mammal Stinson 2013, NatureServe 2015
mazama glacialis
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Taxonomic
Installation Scientific Name | Group Assessment Sources and Notes
Thomomys Mammal Stinson 2013, NatureServe 2015
mazama
pugetensis
Thomomys Mammal Stinson 2013, NatureServe 2015
mazama tumuli
Thomomys Mammal Stinson 2005, Stinson 2013, NatureServe 2015
mazama yelmensis
Fort Riley
Myotis Mammal Frick et al. 2010, 2012, Hein 2012, Jones and Rebelo
septentrionalis 2013, Loeb and Winters 2013, Luo et al. 2014,
NatureServe 2015, Pauli et al. 2015
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Appendix B: Factor Scores
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